Estimation of Cyanide in a Mixture of Cyanide & Cyanamide by Apte, B. G. & Iqbal, S. H.
INDIAN J. CHEM., VOL. 14A, NOVEMBER 1976
to which Beer's law was valid were 10 (Lg of
Ru(III) and 76 (J-gof Os(VIII) per ml of chloroform.
Of the many solvents used for extraction includ-
ing iso- and n-amyl alcohols, isobutyl methyl ketone,
tributyl phosphate, chloroform was selected due
to rapid quantitative transfer and stability of the
complexes.
Nitric acid could not be used for Ru(III) as it
oxidized the reagent, while phosphoric acid lowered
the absorbance. The intensity of the colour was
higher in the presence of hydrochloric acid, but the
stability of the colour was lower.
The extraction of the osmium complex was
possible from solutions of a wide range of [H+]. The
process was quantitative from solution 2N with
respect to phosphoric acid on one extreme and PH
8·8 on the other side. However, the absorbance
was low when extracted from solutions containing
strong mineral acids.
The minimum quantities of the reagent required
for a quantitativ e extraction were 40 mg for Os(VIII)
and 60 mg for Ru(IlI). A single extraction with
chloroform removed as much as 99·9% of Ru(III)
and 99'6% Os(VIIl).
The intensity of the colour of the ruthenium
complex in chloroform was stable up to 24 hr after
extraction. The intensity of the colour of the
osmium complex was found to increase reaching
a maximum after 20 hr and then remaining constant
for 5 days when the ambient temperature was 24°.
At higher tempratures the stability was lower, e.g.
40 hr at 30°.
Though Ru(III) was extracted from fairly strong
acidic solutions, sulphosalicylic acid, nitrilotriacetic
acid and thiourea decreased the absorbance. How-
ever, the presence of 200 mg of tartaric acid, citric
acid, disodium ethylenediaminetetraacetate or
ammonium fluoride caused no interference. In
the case of Os(VIII) , phosphoric, tartaric or
TABLE 1 - TOLERANCELIMITS FOR VARIOUSMETAL IONS
[Ru(III) taken, 33'5 Il-g; wavelength, 420 nm; Os(VIII)
taken, 189·9 Il-g; wavelength, 590 nm]
Diverse Tolerance limit (mg)
ion
for Ru for Os
0·30
0·20
0·02
0·03
0-02
<0·01
0·50
1·00
0·25
0·20
0·70
0·04
Ag+
Au3+
Pd2+
Pt&+
Rh3+
050:-
Ir'+
Rul+
Nil+
Col+
*Fe3+
Mnl+
Znl+
Pbl+
Bi" 0-10
ca» 0·50
Hgz+ 0·10
Snl+ 0·10
Sbl+ 1·00
AsOt 1'00 0·40
Hn the presence of tartrate.
2·00
2'00
1-00
0-35
0'50
3·50
0·05
2-50
1·50
0-80
0·50
1·00
1·00
1·00
2·00
2·00
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sulphosalicylic acids did not interfere. But sul-
phocyanide, cyanide, triethanolamine, ethylenedj.,
amine and thioglycollic acid prevented the formation.
of the complex completely and citric acid, nitrilo-
triacetic acid, ethylenediaminetetraacetate, fluoride-
and thiourea did so partially.
The masking agents were of no use under the
conditions employed for the determination of Ru(III)-
and Os(VIII), though 0,2-0,,, g of tartaric acid could
be used when Fe (III) was present. The maximum
limits of the diverse ions which could be tolerated
are given in Table 1.
The Sandell's sensitivities were 0·004 (Lgper em"
for Ru(III) and 0·034 flg per cm2 for Os (VIII) while
the optimum concentration ranges were 0·9 to 3·1
(Lgof Ru(III) and 7·6 to 23·7 !Jog of Os(VIII) per ml.
of chloroform.
The molar absorptivity values were 22640 (at
420 nm) for Ru(III) and 5610 (at 590 nm) for
Os(VIII) while the relative standard deviations for
these determinations were ± 1·07% and ± 1·43%
respecti vely.
The authors are indebted to the CSIR New Delhi
for granting a senior research fellowship to R.D. •.
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A safe and fairly reliable method for the estimation
of CN- in a mixture of cyanide and cyanamide is.
described. The method takes the advantage of affinity
of CN- towards FeH to form ferrocyanide ions.
DURING the course of an investigation on the
preparation of alkali Ie.rrocyanides, we had to
analyse many samples containing cyanide and
*Communication No. 1982 from the National Chemical
Laboratory, NCL, Poona.
cyanamide: an analytical procedure evolved is des-
cribed below.
Preparation of ferrocyanide from calcium cyan-
amide by converting it into corresponding cyanide,
is a very well-established reactionv+. This conver-
sion takes place above 10000 in the presence
of so iium chloride flux. The melt has to be
quenched quickly to prevent reversion to calcium
cyanamide. The assay of the conversion involves
handling of the cyanide solutions with its ac-
comt.anying hazards of toxicity.
In order to overcome this difficulty, advantage
was taken of the great affinity of CN- towards Fe2+,
to form [:Fe(CN)6]4-. Calcium cyanamide (nitrolim)
was heated with an alkali chloride flux and the molten
mass was then quickly cooled to 7000 and quenched
in a solution of ferrous sulphate (heptahydrate)
containing a known excess of FeS04. The solution
was digested at ,....,800 for 45 min and treated with
NH40H, the calcium cyanide formed at high
temperature gets converted to ferrocyanide. The
unreacted calcium cyanamide has no affinity towards
Fe2+ and remains unaffected, but hydrolyses to
Ca(HCN2)2 and lime Ca(OH)2' The lime formed in this
hydrolysis does react with excess ferrous sulphate
(the total unbound iron in any case has to be
precipitated) to give ferrous hydroxide which,
however, is acid-soluble and can be converted back to
soluble ferrous salt (with appropriate acid, e.g, H2SO,)
and separated from insoluble residue by filtration.
From the solution obtained (redissolution of iron
hydroxide produced by the reaction with lime
and ammonia) the unbound Fez+ is reprecipitated
as iron hydroxide by the addition of ammonium
hydroxide. The iron hydroxide precipitate is
filtered, washed and dried. Iron is estimated either
gravimetrically5 as FeZ03, or volumetricallys with
standard K2Cr207 solution. The amount of cyanide
present in a mixture is then calculated from the
amount of iron consumed for ferrocyanide formation.
To verify the method, following procedure was
adopted for synthetic and natural mixtures.
Solution of cyanamide (H~CN2) prepared from
commercial nitrolim and reagent grade calcium
cyanide [Ca(CN)2J (prepared and analysed according
to standard procedurest-t) were mixed together in
varying proportions. These synthetic mixtures were
used for the verification of the method evolved.
Excess of hydrated ferrous sulphate (FeSO,.7H:P)
were added to aliquots of synthetic mixtures of
NOTES
cyanide and cyanamide (PH 5). The resultant
solutions after dilution were digested at about 80° for
45 min. Ammonium hydroxide was added (PH 8)
to precipitate unbound iron as hydroxide. The
precipitate thus obtained was filtered, washed free
of ferrocyanide and other ions, and iron estimated
by standard procedures referred to above--". The
results are summarized in Table 1.
Since the commercial samples of nitrolim contain
free calcium oxide, and also lime is produced during
hydrolysis as well, the method will have to be
slightly different. The modified procedure adopted
was as follows:
After carrying out the high temperature conver-
sion of cyanamide to cyanide, the hot mass was
quenched in a k.nown excess of ferrous sulphate
solution, and digested. During digestion the free
CaO and hydrolysed lime raise the PH to 9-10 and
react with ferrous sulphate to form ferrous hydroxide.
This ferrous hydroxide will react9,lO with calcium
cyanide to form soluble calcium ferrocyanide and
calcium hydroxide. The lime formed instanta-
neously reacted with ferrous sulphate to form
hydroxide (if the precipitation of unbound iron was
not complete some NH40R was added). After
digestion the slurry was first filtered (to separate
soluble ferrocyanide) and washed free of ferrocyanide
ions. The residue was redissolved in hot 2N hy-
drochloric acid, and filtered. From this solution the
unbound iron was estimated and the iron consumed in
ferrocvanide formation calculated. Data collected from
some ~f the nitrolim samples are given in Table 2.
TABLE 1 - RESULTS OF THE ESTIMATIONOF CN- IN A
SYNTHETICMIXTURE OF CYANIDE AND CYANAMIDE
51 H.CN, Ca(CN). Fe added Excess Fe Ca(CN).
No. (g) (g) (g) found computed
(g) from Fe
bound
(g)
1 5·0 0·050 0·030 0·020 0·049
2 5·0 0·200 0·0605 0·020 0·200
3 5·0 0·500 0·1265 0·026 0·494
4 5'0 1·500 0·3335 0·031 1·495
5 5·0 3·0 0·668 0·062 2·995
6 5·0 5·0 1-1135 0'1020 4·998
7 3·0 5·0 1·1135 0·1010 5·00
8 1·50 5·0 1·1135 0·1010 5·00
9 0'500 5·0 1·1135 0·1020 4·998
10 0·200 5·0 1-1135 0·1025 4·995
11 0'050 5·0 1·1135 0·1015 4·995
TABLE 2 - RESULTS OF THE ESTIMATIONOF CN- IN A MIXTURE (NATURAL)OF CYANIDEAND CYANAMIDE
Sl Nitrolim Fe added Excess Fe Ca(CN). Ca.Fe(CN). found by Cu2Fe(CN). found by
No. (CaCN.=55%) (g) found computed from volumetric method gravimetric method
(g) (g) Fe bound (g)*
Cu.Fe(CN).Ca.Fe(CN). Ca(CN). Ca(CNh
(g) (g) (g) (g)
1 11·780 1·505 0·570 4·621 4·847 4·584 5·508 4·589
2 16'240 2·078 0'665 6'985 7·345 6·948 8·365 6·970
3 14'410 1·845 0·645 5·925 6·224 5·888 7·085 5·901
4 18·570 2·377 0·832 7'635 8·044 7'605 9·143 7·615
5 21-160 2·708 0·892 8·969 9·452 8·940 10·730 8·940
6 15·720 1·328 0·684 6'563 6·919 6·543 7·837 6·531
*Cyan:1mide to cyanide coversion ranged between 62 and 68%.
919
INDIAN J. CHEM., VOL. 14A, NOVEMBER 1976
To check the actual amount of ferrocyanide
formed during this reaction, two tests were applied.
(i) Aliquots of soluble filtrate after digestion were
titrated with standard potassium permanganate
and ferrocyanide estimated volumetrically-"; and
(ii) Ierrocyanide was precipitated as copper ferro-
cyanide (Cu2[Fe(CN) 6] .7H20) in a slightly acidic
medium (PH = 5), by the addition of AR cupric
chloride, digested at 80°, filtered through G4
sintered crucible, washed, dehydrated completely
on sulphuric acid under vacuum and weighed as
copper Ierrocyanide-". These results are also pre-
sented in Table 2.
It can be seen that the method is equally appli-
cable to synthetic and natural mixtures of cyanides
and cyanamides.
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Hg(U) has been reduced to elemental state with for-
maldehyde in alkaline medium and determined without
separation by potassium iodate under the Andrews
conditions. The method is accurate and less time
consuming.
THE two available methods~,2 for the .dete~mina-tion of H.g(I and II) using potassium IOdate
as the oxidizing titrant are time-consuming since
the precipitates either as mercurous chloride or as
simple or double thiocyanate" of Hg (II) are required
to be kept for a considerable time before these can
be filtered. In the present note we describe a
method which is less time-consuming, accurate and
dispenses with the tedious operation o~ filtration.
Hg(U) is reduced to elemental state With formal-
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TABLE 1 - ESTIMATIONOF Hg(U) BY POTASSIUMIODATE
Amount of Hg(U), mg
Taken Taken FoundFound
40·0
60·0
80·0
39·7
59·7
79·7
99·6
119'7
160·0
100·0
120·0
160·0
dehyde solution in alkaline medium and determined
without separation with potassium iodate under
Andrews conditions- aft er pretreating wit], iodine
monochloridev, Excess of formaldehyde does not
interfere in the determination.
All the chemicals used were of AR grade (BDH
or E. Merck).
Procedure - To an aliquot of Hg(JI) chloride
solution, containing 40 to 160 mg of Hg(II), was
added 1 ml of formaldehyde solution (40%) followed
by 10 ml of 4N NaOH. The reaction mixture was
allowed to stand for about 2 min for complete
precipitation of mercury and acidified with HCI to
give an acid strength of SN. 5 ml of carbon.
tetrachloride and 5 ml of iodine monochloride
were then added and the flask was vigorously shaken
to dissolve the precipitated mercury and the iodine
liberated was titrated with a standard solution of
potassium iodate to the disappearance of the last
trace of violet colour of iodine from carbon tetra-
chloride. The acid concentration was 3,5-4N at
the end point. The results are recorded in.
Table 1.
It h~s been ~bserved t.hat precipitated mercury,
when titrated WIth potassium IOdate under Andrews.
conditions, liberates iodine at the initial stage of the
titration which gets oxidized by iodate in preference
to mercury present and a false end point is obtained.
To overcome th~s ~iffic\llty precipitated mercury
was pretreated WIth. iodine .monochloride. An equi-
valent amount of iodine IS released as shown in.
Eq. (1):
Hg+2I+ = Hg2+ +12 ... (1),
The titre obtained is independent of the amount
of iodine monochloride added.
Acetate, phosphate, sulphate, chloride, tartarate;
borate, oxalate, bromide, nitrate, As(V). Sb(V).
Ni(II), Zn(II) , Co(H), Pb(U) and Cd(II) up to 80 mz
in each case do not interfere. However, Mn(II)
due to atmospheric oxidation in alkaline medium;
As (III) and Sb(III) due to their oxidation by iodine
monochloride, Cu(II) , Ag(I) ana Rg(I) by forming
reduction products with formaldehyde, interfere
in the determination of Hg(II).
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